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Part  V 

The  Effect  of  the  Position  of  a  Single  Offset  on 
the  Neutron  Transmission  of  an  Air  Slot  in  Water 


In  designing  a  stepped  air  slot  which  penetrates  a  hydrogenous 
shield,  the  question  arises  as  to  where  to  place  the  offset  in  order  to 
minimize  the  neutron  transmission.  An  experiment  was  performed  with  a 
single  offset  of  a  few  slot  thickness  units  since  the  results  of  Part  IV 
of  this  series  indicated  that  the  neutron  transmission  should  be  compara- 
tively small  and  relatively  independent  of  offset  magnitude.  Any  effects 
which  could  be  ascribed  to  the  position  of  the  step  would  then  most  probably 
correspond  to  those  which  would  arise  in  practical  situations  where  one  had 
designed  for  minimum  transmission.  For  a  step  dimension  in  the  region  of 
zero  to  unit  slot  thickness  one  could,  of  course,  calculate  the  effect  of 
varying  the  position  by  the  methods  of  Part  IV;  but  by  making  the  offset 
somewhat  larger,  a  more  interesting  situation,  the  simple  calculations 
would  not  be  adequate. 

The  slot  system  which  was  used  is  indicated  in  Fig.  1.  The  over- 
all length  was  48  inches  with  slot  thickness  of  0.£  inches  and  offset  magni- 
tude of  1.8  inches.  Owing  to  the  fact  that  the  aluminum  slot  holder  boxes 
were  multiples  of  12  inches  in  length,  it  was  convenient  to  vary  the  position 
bf  the  offset  by  12  inch  increments  in  the  length  direction;  i.e.,  the 
vertical.  Vertical  traverses  were  made  in  the  water  above  the  upper  slot 
along  the  slot  centerline  with  the  results  shown  in  Fig.  2.  The  detectors 
were  1x6  inch  BF3  counters  placed  with  their  axes  horizontal  in  the  slot 
width  direction.  Several  of  the  runs  were  made  with  lucite  in  the  portion 
of  the  slot  below  the  offset.  These  runs  record  those  neutrons  emergent 
from  the  top  section  which  have  traversed  water  equivalent  material  before 
entering  the  top  section.  Corresponding  traverses  made  in  the  horizontal 
direction  at  Z  values  of  about  54  inches  are  shown  in  Fig.  3. 

A  summary  of  the  general  features  of  the  emergent  flux  variation 
with  slot  position  is  given  in  Fig.  4.  The  offset  positions  are  indicated 
schematically  in  the  lower  part  of  the  figure.  Ordinates  are  thermal  flux 
per  unit  pile  power  and  abscissae  are  length  of  section  B  in  inches.  The 
data  are  separated  into  two  sets  according  as  to  whether  the  detector  was 
at  54  or  60  inches  above  the  tank  bottom  corresponding  to  water  separation 
between  detector  center  and  slot  of  respectively  1.5  and  7.5  inches.  The 
data  obtained  at  Z  =  54-  inches  are,  therefore,  characteristic  of  slower 
neutrons  than  the  data  at  Z  =  60  inches. 

One  notices  immediately  that  for  both  sections  A  and  B  empty  the 
emergent  flux  is  a  minimum  when  the  offset  position  is  near  the  middle  of 
the  4-8  inch  span.  That  there  should  be  such  a  minimum  is,  of  course,  obvious 
since  with  section  B  either  zero  or  4.8  inches  long  one  has  a  straight  slot 
with  maximum  transmission.  One  might  suppose  that  the  flux  emergent  from 
the  top  of  A  is  the  sum  of  four  components  which  are  defined  as  follow: 
Component  I  is  that  flux  which  enters  the  detector  with  both  sections  A  and 
B  filled  with  water;  Component  II  is  the  flux  obtained  with  just  B  filled 
with  water  minus  I;  Component  III  corresponds  to  having  A  filled  less  I;  and, 
Component  TV  is  that  due  to  interaction  of  A  and  B  when  both  are  empty. 


In  addition  to  the  total  flux  detected,  components  I  and  II  are 
presented  in  Fig.  4.   It  is  seen  that  for  short  lengths  of  B,  neglecting  I 
which  is  very  small,  the  total  flux  is  not  greatly  different  from  component  II. 
For  a  length  of  2A   inches,  however,  the  slower  neutron  flux,  Z=5>4-  inches  data, 
is  markedly  decreased  on  filling  B,  whereas  the  faster  flux,  Z=60  inches  data, 
is  decreased  by  a  much  smaller  factor.  The  same  is  true  for  longer  sections 
of  B.  One  expects  that  as  B  increases  component  II  will  decrease  and  com- 
ponent III  will  increase.  Unfortunately,  data  were  not  taken  on  component  III 
so  that  more  cannot  be  said  quantitatively  about  the  relative  importance  of 
the  various  components. 

The  experiment  demonstrates  that  the  most  effective  position  of 
the  offset  is  near  the  middle  and  that  providing  an  offset  of  this  magnitude; 
i.e.,  three  to  six  slot  thicknesses,  is  more  effective  for  fast  neutrons  than 
for  slow  neutrons  —  a  result  which  was  apparent  in  Part  IV  of  this  series. 
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